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1
SEMICONDUCTOR DEVICE AND METHOD
FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an electronic device and a method
for fabricating the same, and particularly relates to a semi-
conductor device and a method for fabricating the same.

2. Description of Related Art

As science and technology advance, it has become a trend
to integrate devices in the memory cell array region and the
peripheral circuit region in the same chip to reduce the cost,
simplify the process, and reduce the chip area. However, there
is a significant step height in the boundary region between the
memory cell array region and the peripheral circuit region,
making subsequent processes more complex.

FIG. 1 is a cross-sectional schematic view illustrating a
conventional semiconductor device. Referring to FIG. 1, for
example, to reduce a height of a stack layer 12 on a surface of
a substrate 10 in a conventional semiconductor device, a part
of the substrate 10 in a memory cell array region 110 is
removed for embedding the stack layer 12 therein. However,
such method results in a significant step height in a boundary
region 130 between the memory cell array region 110 and a
peripheral circuit region 120. To solve the issue of step height,
a relatively long distance (approximately 3 um) needs to be
kept as the boundary region 130 between the memory cell
array region 110 and the peripheral circuit region 120. Then,
after a series of complicated processes, such as photolithog-
raphy, etching, film deposition, and planarization (e.g. chemi-
cal mechanical polishing, CMP) processes, etc., a huge and
deep trench 18 is formed in the boundary region 130. Mean-
while, during the processes, a silicon nitride layer 14 and a
silicon oxide layer 16 are filled in the trench 18. However,
since the silicon nitride layer 14 and the silicon oxide layer 16
have different etching rates, after removing redundant parts of
the silicon nitride layer 14 and the silicon oxide layer 16 by
using a wet etching process, recesses 20 are commonly pro-
duced at two sides of the silicon nitride layer 14, and a top
surface of the silicon oxide layer 16 is slightly higher than top
surfaces of the memory cell array region 110 and the periph-
eral circuit region 120. As the planarization process at the
boundary requires complicated steps in the manufacturing
process, the cost thereof is high. Besides, the remaining
height difference according to the conventional method also
increases the complexity of subsequent processes, making
product reliability reduced.

Thus, how to simplify the process for treating the boundary
region between the memory cell array region and the periph-
eral circuit region and minimize the difference in step height
between regions, thereby reducing the complexity of the sub-
sequent processes, increasing the chip area, and reducing the
cost at the same time has become an important issue.

SUMMARY OF THE INVENTION

The invention provides a semiconductor device and a
method for fabricating the same capable of reducing a step
height in the boundary region between the memory cell array
region and the peripheral circuit region.

The invention provides a semiconductor device and a
method for fabricating the same capable of simplifying a
process of fabrication and increasing a chip area at the same
time.

The invention provides a method for fabricating a semi-
conductor device, including providing a substrate. The sub-
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2

strate includes a first region, a second region, and a third
region. A top surface of the substrate in the first region is
lower than the top surface of the substrate in the second
region, and the substrate in the third region has a first step
height. The third region is disposed between the first region
and the second region. A stack layer is conformally formed on
the substrate. The stack layer in the third region has a second
step height. A flowable material layer is formed on the stack
layer. A first etching process is performed to the flowable
material layer to remove a part of the flowable material layer.
By using the flowable material layer in the first region as a
mask, a second etching process is performed to the stack layer
in the second region and the third region to expose a top
surface of the substrate in the second region. The flowable
material layer is removed.

According to an embodiment of the invention, in the step of
conformally forming the stack layer on the substrate, a top
surface of the stack layer in the first region and the top surface
of the substrate in the second region are substantially copla-
nar.

According to an embodiment of the invention, after the step
of removing the flowable material layer, a top surface of the
stack layer in the third region is substantially equal to or lower
than the top surface of the substrate in the second region.

According to an embodiment of the invention, a material of
the flowable material layer includes an organic material, an
inorganic material, or an organic-inorganic composite mate-
rial.

According to an embodiment of the invention, a material of
the flowable material layer includes an organic material. The
organic material of the flowable material layer includes a
photoresist (PR), an organic under layer (ODL), a bottom
anti-reflection coating (BARC), or a spin-on glass (SOG).

According to an embodiment of the invention, the flowable
material layer includes a single-layer structure, a dual-layer
structure, or a multi-layer structure.

According to an embodiment of the invention, the flowable
material layer includes a dual-layer structure. The dual layer
structure includes a first material layer and a second material
layer. The first material layer and the second material layer are
of the same material.

According to an embodiment of the invention, the flowable
material layer includes a dual-layer structure. The dual layer
structure includes a first material layer and a second material
layer. The first material layer and the second material layer are
of different materials.

According to an embodiment of the invention, the stack
layer includes a plurality of dielectric layers and a plurality of
conductive layers. The dielectric layers and the conductive
layers are stacked alternately. An etching rate of the second
etching process to the dielectric layers is equal to an etching
rate to the conductive layers.

According to an embodiment of the invention, after per-
forming the first etching process to the flowable material
layer, the stack layer in the second region is exposed.

According to an embodiment of the invention, after per-
forming the first etching process to the flowable material
layer, a thickness of the flowable material layer remaining in
the first region is greater than a thickness of the flowable
material layer remaining in the second region and greater than
the second step height.

According to an embodiment of the invention, after per-
forming the first etching process to the flowable material
layer, a thickness of the flowable material layer remaining in
the first region is greater than a thickness of the flowable
material layer remaining in the second region and less than
the second step height.
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According to an embodiment of the invention, the step of
forming the substrate includes performing a first patterning
process to the substrate, and removing the substrate in the first
region and the third region, such that the top surface of the
substrate in the first region is lower than the top surface of the
substrate in the second region.

According to an embodiment of the invention, after remov-
ing the flowable material layer in the first region, a second
patterning process is performed to the stack layer in the first
region to remove a part of the stack layer in the first region,
thereby forming a plurality of trenches in a stack layer in the
first region. A charge storage layer and a corresponding con-
ductive pillar are sequentially formed in each of the trenches.
The charge storage layer is disposed between the conductive
pillars and the stack layer.

The invention provides a semiconductor device including a
substrate and a stack layer. The substrate includes a first
region, a second region, and a third region. The third region is
disposed between the first region and the second region. Since
a top surface of the substrate in the first region is lower than
the top surface of the substrate in the second region, the
substrate in the third region has a first step height. The stack
layer is disposed on the substrate in the first and third regions.
The top surface of the stack layer in the first region and the
third region and the top surface of the substrate in the second
region are substantially coplanar.

According to an embodiment of the invention, a top surface
of'the stack layer in the third region is substantially equal to or
lower than the top surface of the substrate in the second
region.

According to an embodiment of the invention, the stack
layer includes a plurality of dielectric layers and a plurality of
conductive layers. The dielectric layers and the conductive
layers are stacked alternately.

According to an embodiment of the invention, the semi-
conductor device further includes a plurality of conductive
pillars and a plurality of charge storage layers. The conduc-
tive pillars are disposed in the stack layer in the first region.
The charge storage layers are disposed between the conduc-
tive pillars and the stack layer.

According to an embodiment of the invention, the first
region is a memory cell array region, and the second region is
a peripheral circuit region.

According to an embodiment of the invention, a width of
the third region is from 40 nm to 140 nm.

Based on the above, in the embodiments of the invention,
the flowable material layer is used to cover the stack layer in
the first region and partially cover the stack layer in the third
region, such that the top surface of the flowable material layer
in the first region and the third region is approximately equal
to the top surface ofthe stack layer in the second region. Then,
by using the flowable material layer in the first region as a
mask, an etching process is performed to the stack layer in the
second region and the third region to expose a top surface of
the substrate in the second region. The top surface of the stack
layer in the first region and the third region is approximately
equal to the top surface of the substrate in the second region.
Accordingly, the step height in the boundary region (e.g. the
third region) between the memory cell array region (e.g. the
first region) and the peripheral circuit region (e.g. the second
region) is reduced, thereby simplifying the complexity of the
subsequent processes and thus reducing the cost of fabrica-
tion.

In order to make the aforementioned and other features and
advantages of the invention comprehensible, several exem-
plary embodiments accompanied with figures are described
in detail below.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a cross-sectional schematic view illustrating a
conventional semiconductor device.

FIGS. 2A to 2G are cross-sectional schematic views illus-
trating a method for fabricating a semiconductor device
according to an embodiment of the invention.

FIG. 3 is an enlarged schematic view illustrating a partial
stack layer shown in FIG. 2A.

FIG. 4 is a cross-sectional schematic view illustrating a
semiconductor device according to a first embodiment of the
invention.

FIG. 5 is a cross-sectional schematic view illustrating a
semiconductor device according to a second embodiment of
the invention.

FIG. 6 is a cross-sectional schematic view illustrating a
semiconductor device according to a third embodiment of the
invention.

FIG. 7 is a cross-sectional schematic view illustrating a
semiconductor device according to a fourth embodiment of
the invention.

FIG. 8 is a cross-sectional schematic view illustrating a
semiconductor device in which a first etching process is per-
formed to a flowable material layer according to another
embodiment of the invention.

FIG. 9 is a cross-sectional schematic view illustrating a
semiconductor device in which a first etching process is per-
formed to a flowable material layer according to yet another
embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

FIGS. 2A to 2G are cross-sectional schematic views illus-
trating a method for fabricating a semiconductor device
according to an embodiment of the invention.

Referring to FIG. 2A, at first, a substrate 100 is provided.
The substrate 100 includes a first region 110, a second region
120, and a third region 130. The third region 130 is located
between the first region 110 and the second region 120. A top
surface of the substrate 100 in the first region 110 is lower
than a top surface of the substrate 100 in the second region
120, and the substrate 100 in the third region 130 has a first
step height H1. In an embodiment of the invention, the first
step height H1 is from 40 nm to 140 nm. In an embodiment,
the first region 110 is a memory cell array region, the second
region 120 is a peripheral circuit region, and the third region
130 is a boundary region between the memory cell array
region and the peripheral circuit region. In an embodiment, a
width of the third region 130 is from 40 nm to 140 nm, and the
width of the third region 130 is significantly shorter than a
distance of 3 um kept in the conventional technology.

In an embodiment, a first patterning process may be per-
formed to a substrate material of the substrate 100 by using
photolithography and etching processes to remove a part of
the substrate material corresponding to the first region 110
and the third region 130. In another embodiment, a silicon-
containing material layer (not shown) may be formed on the



US 9,343,477 B2

5

substrate material of the substrate 100 corresponding to the
second region 120, such that a top surface of the silicon-
containing material layer in the second region 120 is higher
than a top surface of the substrate material in the first region
110. The substrate material may be a semiconductor sub-
strate, a semiconductor compound substrate, or a semicon-
ductor over insulator (SOI) substrate, for example. The semi-
conductor is atoms of IVA Group, for example, such as silicon
or germanium. The semiconductor compound is a semicon-
ductor compound formed of atoms of IVA Group, such as
silicon carbide or germanium silicide, for example, or a semi-
conductor compound formed of atoms of ITIIA Group and VA
Group, such as gallium arsenide, for example.

Then, a stack layer 102 is conformally formed on the
substrate 100, making the top surface of the stack layer 102 in
the first region 110 and the top surface of the substrate 100 in
the second region 120 substantially coplanar. In other words,
a thickness of the stack layer 102 is approximately equal to
the first step height H1. Since the stack layer 102 conformally
covers the substrate 100, the top surface of the stack layer 102
in the first region 110 is lower than the top surface of the stack
layer 102 in the second region 120, and the stack layer 102 in
the third region 130 has a second step height H2. In an
embodiment, the stack layer 102 may be a single layer or
multi-layer composite layer, for example. When the stack
layer 102 is a multi-layer composite layer, for example, an
enlarged view of a partial stack layer 200 is as shown in FIG.
3. The stack layer 102 includes a plurality of dielectric layers
101a and a plurality of conductive layers 1015. The dielectric
layers 101a and the conductive layers 1015 are stacked alter-
nately. In an embodiment, the number of layers of the con-
ductive layers 1015 may be 8, 16,32, or more. Similarly, since
each of the dielectric layers 101a is disposed between two
adjacent conductive layers 1015, the number of layers of the
dielectric layers 101a may also be 8, 16, 32, or more. In an
embodiment, a material of the dielectric layers 101a may
include silicon oxide, silicon nitride, or a combination
thereof, and a method of forming the dielectric layers 101a
may be the chemical vapor deposition method. A material of
the conductive layers 1015 may be doped polysilicon,
undoped polysilicon, or a combination thereof, and a method
of forming the conductive layers 1015 may be the chemical
vapor deposition method. In an embodiment of the invention,
the second step height H2 may be 40 nm to 140 nm.

Referring to FIG. 2B, a flowable material layer 104 is
formed on the stack layer 102 in the first region 110, the
second region 120, and the third region 130. In an embodi-
ment of the invention, a material of the flowable material layer
104 includes an organic material, an inorganic material, or an
organic-inorganic composite material. When the material of
the flowable material layer 104 is an organic material, the
organic material includes a photoresist (PR), an organic under
layer (ODL), a bottom anti-reflection coating (BARC), a
spin-on glass (SOG), or a combination thereof. A method of
forming the flowable material layer 104 may be the spin
coating method, the high density plasma chemical vapor
deposition (HDPCVD) method, or the enhanced high aspect
ratio process (eHARP), for example. The flowable material
layer 104 may be a single-layer structure, a dual-layer struc-
ture, or a multi-layer structure.

As shown in FIG. 4, in a first embodiment of the invention,
the flowable material layer 104 is a single-layer structure, for
example. The material of the flowable material layer 104 may
include a photoresist (PR), an organic under layer (ODL), a
bottom anti-reflection coating (BARC), or a spin-on glass
(SOG). However, the material of the flowable material layer
104 of the embodiments of the invention is not limited
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thereto, as long as the flowable material layer 104 covers the
top surface of the stack layer 102, and a thickness T1 of the
flowable material layer 104 is greater than the second step
height H2.

Referring to FIGS. 5-7, the flowable material layer 104
may be a dual-layer structure, for example. Referring to FI1G.
5, in a second embodiment of the invention, a top surface of
the flowable material layer 104 is a flat surface, and the
flowable material layer 104 sequentially includes a material
layer 103a and a material layer 1035. The material layers
103a and 1035 may be formed of the same material, for
example. The material layer 1035 has a flat surface. For
example, the material layers 1034 and 1035 are both organic
under layers (ODLs), for example. However, the materials of
the material layers 103a and 1035 of the embodiments of the
invention are not limited thereto, as long as the total thickness
T2 of the material layers 103a and 1035 is greater than the
second step height H2.

Referring to FIG. 6, in a third embodiment of the invention,
the top surface of the flowable material layer 104 is a flat
surface, and the flowable material layer 104 sequentially
includes a material layer 103¢ and a material layer 1034. The
material layers 103¢ and 103d are formed of different mate-
rials, for example. For example, the material layer 103¢ may
be an organic under layer (ODL), for example, while the
material layer 1034 may be a photoresist (PR), for example.
The material layer 1034 has a flat surface. However, the
materials of the material layers 103¢ and 1034 of the embodi-
ments of the invention are not limited thereto, as long as a total
thickness T3 of the material layers 103¢ and 103d is greater
than the second step height H2.

Moreover, referring to FIG. 7, in a fourth embodiment of
the invention, the flowable material layer 104 may be a dual-
layer or multi-layer structure, for example. In addition, the
top surface of the flowable material layer 104 is not flat, while
a step height H3 of the top surface of the flowable material
layer 104 is less than the step height H2. For example, a
single-layer or multi-layer material layer 103e may be formed
on the stack layer 102 in a partially conformal manner. Then,
a material layer 103f'is formed on the single-layer or multi-
layer material layer 103e. A surface of the material layer 103/
is not flat, and has the step height H3. The material layer 103e
may be formed of silicon nitride (SiN), silicon oxide, silicon
oxynitride, a carbon layer, or silicon carbide, for example,
and a method of Ruining the material layer 103e may be the
chemical vapor deposition method. The material layer 103/
may be an organic under layer (ODL), for example, and a
method of forming the material layer 103/ may be the spin
coating method. However, the materials of the material layers
103¢ and 103/ of the embodiments of the invention are not
limited thereto, as long as the material layers 103¢ and 103/
cover the top surface of the stack layer 102, and a total
thickness T4 of the material layers 103e and 103f'is greater
than the second step height H2.

Referring to FIG. 2C and FIGS. 8 and 9, by using the top
surface of the stack layer 102 as an etching stop layer, a first
etching process is performed to remove a part of the flowable
material layer 104 while keep flowable material layers 104a,
1045, or 104c. The first etching process may be an etching
back process, for example. In an embodiment, referring to
FIG. 2C, after the first etching process is performed, the
remaining flowable material layer 104a covers the stack layer
102 in the first region 110 and a part of the stack layer 102 in
the third region 130, while exposes the top surface of the stack
layer 102 in the second region 120 and the third region 130. In
addition, a thickness T5 of the flowable material layer 1044 in
the first region 110 is substantially equal to the second step
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height H2. In other words, a top surface of the flowable
material layer 104a is substantially equal to the top surface of
the stack layer 102 in the second region 120 and the third
region 130.

In another embodiment of the invention, as shown in FIG.
8, after performing the first etching process, the remaining
flowable material layer 1045 covers the stack layer 102 in the
first region 110, the second region 120, and the third region
130. The thickness T6 of the flowable material layer 1045 in
the first region 110 is greater than a thickness t1 of the flow-
able material layer 1045 in the second region 120. Mean-
while, the thickness T6 is substantially greater than the sec-
ond step height H2.

In yet another embodiment of the invention, as shown in
FIG. 9, after performing the first etching process, the remain-
ing flowable material layer 104¢ covers the stack layer 102 in
the first region 110, the second region 120, and the third
region 130. A thickness T7 of the flowable material layer 104¢
in the first region 110 is greater than a thickness t2 of the
flowable material layer 104¢ in the second region 120, and the
thickness T7 is less than the second step height H2.

Referring to FIG. 2D, a second etching process is per-
formed to expose the top surface of the substrate 100 in the
second region 120. In an embodiment, the second etching
process may be an anisotropic etching process, for example.
By choosing an etchant having a low or extremely low etching
rate to the flowable material layers 104a, 1045, and 104¢ but
having a high etching rate to a stack layer 102a, the flowable
material layers 104a, 1045, and 104¢ may be directly used as
a mask to self align to the second region 120 where the
flowable material layer 104a does not cover or where the
flowable material layer 1045/104c¢ is thinner and to partially
remove the stack layer 102 in the third region 130 without
having to use a photolithography process to define an etching
region. Thus, a misalignment that occurs in the photolithog-
raphy process may be prevented.

After performing the second etching process, a top surface
of'the stack layer 102a in the third region 130 is exposed, and
the top surface of the stack layer 102¢ in the third region 130
is approximately equal to the top surface of the substrate 100
in the second region 120. In an embodiment, after the second
etching process is performed, a partial flowable material layer
104d still remains on the substrate 100 in the first region 110.
In another embodiment, after the second etching process is
performed, the flowable material 104a on the substrate 100 in
the first region 110 is completely removed.

Besides, referring back to FIGS. 2C and 3, an etching rate
of the second etching process to the dielectric layers 101a in
an embodiment is approximately equal to an etching rate
thereof to the conductive layers 1015. In this way, after the
second etching process, most of the top surface of the stack
layer 102¢ in the third region 130 is a substantially smooth
surface, instead of a rough surface. However, when perform-
ing the second etching process, it is also possible that a recess
is formed at the stack layer 1024 of the third region 130, and
the recess is acceptable.

In addition, an etch recipe of the second etching process
may be adjusted based on the thickness T of the flowable
material layer 104 and the second step height H2. For
example, after the flowable material layer 1044 is formed on
the stack layer 102, as shown in FIG. 2C, when the thickness
T5 of the flowable material layer 104a in the first region 110
is equal to the second step height H2, or as shown in FIG. 8,
when the thickness T6 of the flowable material layer 1045 in
the first region 110 is greater than the second step height H2,
the etching rate of the second etching process to the flowable
material layer 104a or 1045 may be lower than or equal to the
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etching rate to the stack layer 102. However, as shown in FIG.
9, when the thickness T7 of the flowable material layer 104¢
in the first region 110 is less than the second step height H2,
a minimally required ratio of etching rate between the flow-
able material layer 104¢ and the stack layer 102 in the second
etching process is (17-12):H2. In other words, when perform-
ing the second etching process, the etching rate of the etchant
to the flowable material layer 104¢ needs to be significantly
lower than the etching rate to the stack layer 102. In this way,
when performing the second etching process, a thickness of a
flowable material layer 104c¢ in the first region 110 already
suffices to protect the stack layer 102 underneath from being
damaged.

Referring to FIGS. 2D and 2E, a dry strip process or a wet
strip process is performed to remove the flowable material
layer 104d to expose the top surface of the stack layer 102a in
the first region 110. After removing the flowable material
layer 1044, the top surface of the stack layer 1024 in the first
region 110 and the third region 130 is substantially equal to
the top surface of the substrate 100 in the second region 120.
In the third region 130 originally having the second step
height H2, most of the top surface of the stack layer 102a in
the third region 130 is also a smooth surface, instead of a
rough top surface as in the conventional technology. In this
way, the method for fabricating the semiconductor device
according to the embodiments of the invention simplifies the
complexity of subsequent processes, thus increasing product
reliability.

Referring to FIG. 2F, after removing the flowable material
layer 1044 in the first region 110, a second patterning process
is performed to the stack layer 1024 in the first region 110 to
remove a part of the stack layer 1024 in the first region 110,
thereby forming a plurality of trenches/holes 140 in a stack
layer 1025 in the first region 110. Since the second patterning
process may partially remove the stack layer 1025 in the third
region 130, a top surface of the stack layer 1025 in the third
region 130 is substantially equal to or lower than the top
surface of the substrate 100 in the second region 120. How-
ever, in terms of the product reliability of a finalized product,
the recess 105 of the stack layer 1025 in the third region 130
is acceptable. In an embodiment, a depth of the recess 105 is
less than 10 nm. In another embodiment, a depth of the recess
105is 1 nm to 10 nm.

Referring to FIG. 2G, a charge storage layer 106 and cor-
responding conductive pillars 108 are sequentially formed in
each of the trenches/holes 140. The charge storage layer 106
is disposed between the conductive pillars 108 and the stack
layer 1025. Specifically, the charge storage layer 106 is con-
formally formed in each of the trenches 140 firstly. Then, a
conductive material layer (not shown) is formed on the stack
layer 10254, and the conductive material layer is filled into the
trenches 140. Subsequently, a planarization process is per-
formed to remove a part of the conductive material layer to
expose the top surface of the stack layer 1025. In an embodi-
ment, the charge storage layer 106 may be a composite layer
formed of oxide-nitride-oxide (ONO), for example. The com-
posite layer may have three or more layers, but the invention
is not limited thereto. A method of forming the composite
layer may be the chemical vapor deposition method, the ther-
mal oxidation method, for example. A material of the con-
ductive pillars 108 may be doped polysilicon, undoped poly-
silicon, or a combination thereof, and a method of forming the
conductive pillars 108 may be the chemical vapor deposition
method.

Referring to FIG. 2E again, the semiconductor device
according to the embodiments of the invention includes the
substrate 100 and the stack layer 102a. The substrate 100
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includes the first region 110, the second region 120, and the
third region 130. The third region 130 is located between the
first region 110 and the second region 120. The top surface of
the substrate 100 in the first region 110 is lower than the top
surface of the substrate 100 in the second region 120, and the
substrate 100 in the third region 130 has the first step height
H1. The stack layer 102aq is disposed on the substrate 100 in
the first and third regions 110 and 130. The stack layer 102a
includes the plurality of dielectric layers 101a and a plurality
of conductive layers 1015. The dielectric layers 101a and the
conductive layers 1015 are stacked alternately. The top sur-
face ofthe stack layer 1024 in the first region 110 and the third
region 130 and the top surface of the substrate 100 of the
second region 120 are substantially coplanar.

In view of the foregoing, in the embodiments of the inven-
tion, the flowable material layer that covers the stack layer in
the memory cell array region (e.g. the first region) and par-
tially covers the stack layer in the boundary region (e.g. the
third region) is used as a mask to etch the stack layer in the
peripheral circuit region (e.g. the second region) and the
boundary region (e.g. the third region). In this way, the top
surface of the stack layer in the memory cell array region (e.g.
the firstregion) and the boundary region (e.g. the third region)
is approximately equal to the top surface of the substrate in
the second region. Accordingly, the step height in the bound-
ary region (e.g. the third region) between the memory cell
array region (e.g. the first region) and the peripheral circuit
region (e.g. the second region) is reduced, thereby simplify-
ing the complexity of the subsequent processes.

In addition, in the embodiments of the invention, the thick-
ness of the flowable material layer and the second step height
may also be used to adjust the etch recipe, such that after the
second etching process is performed, the top surface of the
stack layer in the memory cell array region (e.g. the first
region) and the boundary region (e.g. the third region) is equal
to the top surface of the substrate in the peripheral circuit
region (e.g. the second region), and the stack layer in the
memory cell array region (e.g. the first region) is prevented
from being damaged. Since the top surface of the stack layer
in the memory cell array region (e.g. the first region) and the
boundary region (e.g. the third region) and the top surface of
the substrate in the peripheral circuit region (e.g. the second
region) is substantially coplanar, several subsequent pro-
cesses of fabrication may be omitted, and the cost of fabrica-
tion is consequently reduced by approximately 3%. More-
over, in the embodiments of the invention, the boundary
region between the memory cell array region and the periph-
eral circuit region may also be reduced, thereby increasing the
chip area and further reducing the cost of fabrication.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A semiconductor device, comprising:

a substrate, comprising a first region, a second region, and

a third region, wherein the third region is disposed
between the first region and the second region, a top
surface of the substrate in the first region is lower than
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the top surface of the substrate in the second region, and
the substrate in the third region has a first step height;
and

a stack layer, disposed on the substrate in the first region

and the third region, wherein a top surface of the stack
layer in the first region and the third region and the top
surface of the substrate in the second region are substan-
tially coplanar, the stack layer covers an entire top sur-
face and an entire sidewall of the substrate of the third
region, and the entire sidewall of the substrate of the
third region is in direct contact with the stack layer.

2. The semiconductor device as claimed in claim 1,
wherein the top surface of the stack layer in the third region is
substantially equal to or lower than the top surface of the
substrate in the second region.

3. The semiconductor device as claimed in claim 1,
wherein the stack layer comprises a plurality of dielectric
layers and a plurality of conductive layers, and the dielectric
layers and the conductive layers are stacked alternately.

4. The semiconductor device as claimed in claim 3, further
comprising:

aplurality of conductive pillars, disposed in the stack layer

in the first region; and

a plurality of charge storage layers, disposed between the

conductive pillars and the stack layer.

5. The semiconductor device as claimed in claim 1,
wherein the first region is a memory cell array region, and the
second region is a peripheral circuit region.

6. The semiconductor device as claimed in claim 1,
wherein a width of the third region is from 40 nm to 140 nm.

7. A semiconductor device, comprising:

a substrate, comprising a first region, a second region, and

a third region, wherein the third region is disposed
between the first region and the second region, a top
surface of the substrate in the first region is lower than
the top surface of the substrate in the second region, and
the substrate in the third region has a first step height;

a stack layer, disposed on the substrate in the first region

and the third region, wherein a top surface of the stack
layer in the first region and the third region and the top
surface of the substrate in the second region are substan-
tially coplanar;

aplurality of conductive pillars, disposed in the stack layer

in the first region; and

a plurality of charge storage layers, disposed between the

conductive pillars and the stack layer, wherein the
charge storage layers do not contact with the substrate.

8. The semiconductor device as claimed in claim 7,
wherein the top surface of the stack layer in the third region is
substantially equal to or lower than the top surface of the
substrate in the second region.

9. The semiconductor device as claimed in claim 7,
wherein the stack layer comprises a plurality of dielectric
layers and a plurality of conductive layers, and the dielectric
layers and the conductive layers are stacked alternately.

10. The semiconductor device as claimed in claim 7,
wherein the first region is a memory cell array region, and the
second region is a peripheral circuit region.

11. The semiconductor device as claimed in claim 7,
wherein a width of the third region is from 40 nm to 140 nm.
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